Public perception research in different countries has suggested that real and perceived periods of high temperature strengthen people's climate change beliefs. Such findings raise questions about the climate change beliefs of people in regions with moderate climates. Relatively little is known about whether public concerns about climate change may also be associated with perceived changes in other weather-related events, such as precipitation or flooding. We examine the relationship between perceived changes in weather-related events and climate change beliefs among U.K. residents at a time of below-average winter temperatures and recent flooding. National survey data (n = 1,848) revealed that heat waves and hot summers were perceived to have become less common during respondents' lifetimes, while flooding, periods of heavy rainfall, coastal erosions, and mild winters were perceived to have increased in frequency and cold winters were perceived to be unchanged. Although perceived changes in hot-weather-related events were positively associated with climate change beliefs, perceived changes in wet-weather-related events were found to be an even stronger predictor. Self-reported experience of "flooding in own area" and "heat-wave discomfort" also significantly contributed to climate change beliefs. These findings highlight the importance of salient weather-related events and experiences in the formation of beliefs about climate change. We link our findings to research in judgment and decision making, and propose that those wishing to engage with the public on the issue of climate change should not limit their focus to heat.
INTRODUCTION
The Fifth Assessment Report of the Intergovernmental Panel on Climate notes that global mean surface temperature "warmed strongly over the pe-riod 1900-1940, followed by a period with little trend, and strong warming since the mid 1970s" and that "more than half of the observed increase in global mean surface temperature from 1951 to 2010 is very likely due to the observed anthropogenic increase in greenhouse gas concentrations." (1) Inline with such expert assessments, public perception surveys have found that people in different countries commonly list "temperature increases" as a potential consequence of a changing climate. (2, 3) Perhaps as a result, perceptions of temperature increases play an important role in people's beliefs about climate change. (4) (5) (6) Both perceived (7) and directly measured (8) (9) (10) (11) fluctuations in temperature have been found to be significant predictors of climate change beliefs and related concerns, as have experimentally manipulated variations in hot or cold indoor temperature. (12)5 This pattern of results is in line with research on the availability heuristic, which suggests that people tend to judge the likelihood of phenomena (such as climate change) by the ease with which relevant events (such as hot weather) come to mind. (14, 15) Because memory is biased toward events that are recent, unusual, and personally experienced, such events are most likely to drive people's likelihood judgments. (16) For example, people tend to judge inflation by their recent personal experiences with unusually large price changes. (17) As a result, we suspect that, when people are judging the extent to which climate change is happening, personal experiences with unseasonably hot temperatures are likely to receive the most attention.
A potential concern about such a focus on temperature increases is that people may become less concerned about climate change when the weather is not hot. (5) It has indeed been suggested that, in addition to the economic crisis, the relatively low U.S. temperatures of 2008 may have reduced the strength of Americans' climate change beliefs. (5, 18) Moreover, individuals living in areas with colder climates may actually look forward to experiencing warmer summers as a result of climate change. (19) However, climate change will likely not just bring temperature increases. Depending on the region, climate change may also contribute to other weather-related events. (20) For example, flooding is expected to become more common in specific regions such as the United Kingdom. (21) Recent U.K. weather patterns appear to be inline with this prediction. Between 2007 and 2012, the United Kingdom experienced widespread flooding. (22) Though not a projected climate change impact for this region, during this time the country also experienced belowaverage winter and summer temperatures. (23) Hence, the question remains as to which weather experiences may inform the climate change beliefs of U.K. residents. 5 It should be noted that a recent U.S. study examining trends in public climate change concern across opinion polls did not find an effect of weather extremes on public opinion at a national aggregate level. (13) However, as the study in question focused on aggregate trends rather than associations between individuallevel weather experience, perception, and climate change belief amongst those sampled, it should not-as Brulle et al. point out-be interpreted to mean that experience and perceptions of weather do not impact on individuals' climate change beliefs.
Although the research that was discussed above suggested a link between perceptions of temperature increases and beliefs about climate change, most of that work has been conducted in the United States. (6, (8) (9) (10) (11) 24, 25) One study did find that U.K. participants were most likely to list temperature increases in response to an open-ended question about what they knew about "climate change," especially if it was referred to as "global warming." (3) However, when asked directly about the impacts of climate change, "temperature increases/heat" was only the ninth most popular response, with participants being more likely to mention flooding.
Another study that examined perceived consequences of climate change found that U.K. participants were less likely than U.S. participants to reference "heat" while only U.K. respondents mentioned "rain." (2) In part, these findings may have been due to the phrase "climate change" being used with U.K. participants and "global warming" with those in the United States. However, differences in climate between localities may also play a role. Another recent U.S. investigation examining perceived personal experiences of "global warming" among residents in one Michigan county found that the experiences reported by participants included perceived reductions in rainfall. (26) This perceived reduction in rainfall was consistent with meteorological records. (26) Thus, there is a need for a country-specific examination, focusing on public perceptions of those weather patterns that may be changing in the United Kingdom as a result of climate change, and their association with public climate change beliefs.
Moreover, there is reason to believe that between-country variations in perceptions of weather and climate change may reflect people's different experiences. Indeed, personal experience with specific hazards changes people's perceptions of these hazards. (27) Research on the affect heuristic additionally shows that events that trigger stronger negative affect are perceived as more risky. (28, 29) People who have experienced flooding in their own home tend to be more concerned about flooding and perceive greater flood risk. (30, 31) However, the relationship between experience with flooding and climate change beliefs is unclear, with one U.K. study finding no relationship (32) and another U.K. study finding that individuals with flood experience had more concerns about climate change, (33) suggesting the possibility of growing awareness that flooding events may occur as a result of climate change. Even the experience of environmental hazards such as air pollution are positively correlated with climate change concern. (32) Overall, negative experiences with extreme weather-related events may lead to negative mental images about climate change and reduced psychological distance, which are associated with perceiving climate change as more dangerous. (34) (35) (36) (37) (38) This article examines perceptions of climate change and weather-related events among the British public during January/February 2013: a time during which central England temperature was below the 1983-2012 winter average, (23) and the nation had recently witnessed several highly publicized flooding events (22) as well as experienced belowaverage summer temperatures. (23) This article aims to provide new insights about whether people in the United Kingdom perceive different weather-related events to be changing, as well as how their perceptions and experiences of changes in these weatherrelated events contribute to their climate change beliefs. Our analyses control for pro-environmental values, (32, 39, 40) as well as demographic factors such as age and gender, (39, 41, 42) which have been associated with having stronger beliefs about climate change.
Based on the literature review presented above, we therefore sought to address the following research questions via a national U.K. survey conducted by Ipsos MORI:
(1) Do our U.K. participants perceive the frequency of different weather-related events to have changed in their lifetime? (2) Are overall climate change beliefs associated with perceived changes in the frequency of weather-related events? (3) Is personal experience with the negative consequences of specific weather-related events (e.g., flooding, water restrictions, heat-waveassociated hazards) associated with perceived changes in the frequency of weather-related events and overall climate change beliefs? (4) What is the relative contribution of weatherrelated perceptions and experiences to beliefs about climate change?
METHOD

Participants
A national U.K. sample (n = 2,007) took part in an online survey conducted by Ipsos MORI. 1 The sample consisted of Ipsos MORI panel members who had agreed to participate in online market and social research. Panel members were recruited via a twostage "opt-in" process, whereby those wishing to become members first completed an online recruitment survey in which they provided demographic details and accepted the terms and conditions of membership. These individuals were then emailed a hyperlink, which they clicked to confirm acceptance.
Owing to missing or "don't know" responses on key summary measures of pro-environmental values (Section 2.3.1), beliefs regarding changes in weather (Section 2.3.2), and climate change beliefs (Section 2.3.4), 158 members of the sample were excluded from our analyses. Of the remainder (n = 1,848), 953 were female (51.6%). Participants' ages ranged from 16 to 94, with a mean of 47.5 (SD = 18.1). With respect to education 751 (40.6%) participants reported having a bachelor's degree or higher. According to U.K. mid 2012 population estimates, (43) the gender composition of the U.K. population aged 16+ was 51.3% female. For people aged 16-89, mean age was 46.1 (SD = 19.0). Thus, our sample (of which only three members were aged over 89) can be said to be similar to that of the general population 16-89 in terms of gender composition and average age. With respect to education, data from the 2011 census (44) indicated that 27% of the population 16+ held a higher education qualification. Our sample therefore contains a greater proportion of highly educated individuals than the population as a whole.
The participants who were retained in the final sample and those who were excluded due to missing responses did not differ with respect to gender (X 2 = 1.13; p > 0.05) or education (X 2 < 0.01; p > 0.05). However, there was a significant difference in age (t(2,005) = 4.59; p < 0.01), with those who were retained having a higher average age than those who were not.
Dates and Weather Context
Between January 30, 2013 and February 5, 2013, an online survey was conducted by Ipsos MORI with the purpose of gauging the British public's perceptions of climate risk.
The survey was conducted shortly after a cold snap (January 16-23), during which eight consecutive days of negative temperatures were recorded in central England. (23) Central England temperature for spring, summer, and autumn of 2012 was also below the 1981-2010 average. (23) Mean precipitation for winter 2012-2013 in the United Kingdom was above the 1981-2010 mean, as was mean precipitation for the summer of 2012, with the year as a whole being one of the wettest on record for the United Kingdom. (45) In the year preceding the data collection the country experienced several flooding events, with some of the most highly publicized occurring in November 2012. (22) 
Measures
The authors of this article had an advisory role in the design of the measures for this survey. Below, we discuss the assessment of the control variables (Section 2.3.1) and our focal measures (Sections 2.3.2-2.3.4) in the survey. With the exception of the demographic control variables, which were either prerecorded by Ipsos MORI or appeared at the very end of the survey, measures are reported in the order in which they were presented to participants.
Control Variables
Our participants reported the degree to which they held pro-environmental values on a short form of the New Ecological Paradigm Scale. (46) Agreement with six statements (e.g., "Humans are severely abusing the planet") was measured on a five-point scale (1 = "strongly agree"; 5 = "strongly disagree"), with an additional "don't know" option. Responses to these items were coded so that a higher score corresponded with greater concern for nature while "don't know" responses were coded as missing. A summary score was derived by calculating the scale mean. Internal consistency is reported in the Section 3.4.
The demographic variables of age, gender (0 = male, 1 = female), and education (0 = no higher education, 1 = higher education) are also controlled for. At the time of the survey, age and gender had been prerecorded by Ipsos MORI. Participants were asked for their highest level of educational attainment at the end of the survey.
Beliefs Regarding Changes in Weather
Participants were asked to state whether they thought that nine different weather-related events had become more (or less) frequent during their lifetime. The events were: snow, cold winters, mild winters, dry periods without rain, heat waves, flooding, periods of heavy rainfall, hot summers, and coastal erosion. Responses were provided on a five-point scale (1 = "a lot more frequent"; 5 = "a lot less frequent"). For our analyses, we reverse coded these responses so that a higher score reflected greater perceived frequency. An additional "don't know" response was available. The internal consistency of these items is examined in Section 3.1.
Climate Change Beliefs
Climate change beliefs were measured with three questions taken from previous research. (47) Specifically, we asked: (1) How convinced are you, if at all, that climate change is currently affecting the planet? (2) How convinced are you, if at all, that climate change is currently affecting the United Kingdom? (3) How concerned, if at all, are you about climate change? Four response options ranged from "totally convinced" (= 1) to "not at all convinced" (= 4) for the first two questions, and from "very concerned" (= 1) to "not at all concerned" (= 4) for the third. Additional "don't know" and "no opinion" response options were provided. Responses were reverse coded so that higher scores reflected stronger climate change beliefs, treating "don't know" or "no opinion" as missing responses. A summary scale of climate belief was computed by calculating the mean of the three items. See Section 3.2 for details of internal consistency.
Personal Experience of Specific Weather-Related Hazards
Personal experience of weather-related hazards was measured by six items that recorded (on a binary experienced/not experienced scale) whether participants had personally experienced: flooding in own home, flooding in local area, water restrictions, discomfort due to a heat wave, illness due to a heat wave, or transport disruption due to a heat wave. Table I shows mean perceived change in the frequency of nine weather-related events. Because responses were given on a five-point bipolar scale a Perceived changes in weather-related events were assessed on a scale from 1 (= definitely decreased) to 5 (= definitely increased); onesample t-tests examined difference from midpoint (= no change); a Bonferroni correction adjusts for multiple tests (adjusted α = 0.01). b The highest factor loadings are underlined. *** Significant at the 0.001 level.
going from definitely decreased to definitely increased, the scale midpoint of 3 indicated perceiving no change in frequency. A series of one-sample t-tests with Bonferroni correction were used to examine whether perceived change in frequency significantly diverged from the midpoint. Our analyses suggest that, over their lifetime, our U.K. participants perceived increases in flooding, periods of heavy rainfall, coastal erosion, and mild winters-as seen in mean ratings being significantly above the scale midpoint. Participants perceive no change in cold winters, snow, and dry periods of rain, as seen in mean ratings that were not significantly different from the scale midpoint. Heat waves and hot summers were perceived to have decreased over participants' lifetime, as seen in mean ratings that were significantly below the scale midpoint. Table I also shows the factor loadings for the principal-components analysis with varimax rotation across the perceived changes reported for the nine weather-related events, highlighting the highest loading for each item onto each factor. The highest loadings onto the first factor appeared to be hotweather-related events, including dry periods without rain, heat waves, and hot summers. The highest factor loadings onto the second factor appeared to be wet-weather-related events, including flooding, periods of heavy rain, and coastal erosion. The highest loadings onto the third factor appeared to be cold weather related, including mild winters, cold winters, and snow-with mild winters loading negatively onto the construct and requiring reverse coding before computing a summary measure. Summary measures for each factor were computed by taking the mean across reported ratings. Our subsequent analyses will use these summary scores. Their internal consistency was sufficient, as is seen in Cronbach's α of 0.74 for perceived changes in hotweather-related events, 0.70 for perceived changes in wet-weather-related events, and 0.72 for perceived changes in cold-weather-related events after reverse coding mean rated changes for mild winters.
Are Overall Climate Change Beliefs Associated with Perceived Changes in the Frequency of Weather-Related Events?
The internal consistency of the three climate change belief items was high (α = 0.93), thus supporting their incorporation into a single summary scale. The mean score on the climate belief summary scale was 2.8 (SD = 0.8), which was slightly above the feelings of "indifference" reflected by the scale midpoint of 2.5 (t(1,847) = 18.24; p < 0.001). A significant positive association was found between climate change belief and perceived change in wet-weather-related events (r = 0.35; p < 0.001), indicating that those who had stronger climate change beliefs tended to perceive a stronger increase in the frequency of wetweather-related events. Climate change belief was also positively correlated with perceived change in cold-weather-related events (r = 0.06; p < 0.05) and hot-weather-related events (r = 0.11; p < 0.001), even though wet-weather and hot-weather-related events were negatively associated with one another (r = −0.15; p < 0.001).
Is Personal Experience with the Negative Consequences of Specific Weather-Related Events Associated with Perceptions of Changes in the Frequency of Weather-Related Events and Overall Climate Change Beliefs?
Table II shows that the most commonly reported experiences associated with specific weather-related events were discomfort related to a heat wave, followed by water restrictions and flooding in one's area. Fewer than 10% reported experience with transport disruption related to a heat wave, illness related to a heat wave, or flooding in one's own home.
Table II also shows that participants who reported hot-weather-related experiences such as discomfort due to heat waves, water restrictions, transport disruption due to heat waves, and illness related to heat waves were significantly more likely to have perceived increases in hot-weather-related events. Correlations of reported experiences with flooding in one's own area were significantly related to perceived increases in wet-weather-related events, but flooding in one's own home was not-perhaps as a result of the low number of participants who experienced the latter. Participants who reported the specific experiences also show relatively stronger overall climate change beliefs-except, again, for flooding in one's own home, which may not have been experienced by enough people to discover any relationship.
What is the Relative Contribution of
Weather-Related Perceptions and Experiences to Overall Beliefs About Climate Change? Table III shows the results of a linear regression analysis examining the relative contribution to overall climate change beliefs of (1) perceived change in the frequency of hot-, cold-, and wet-weather-related events, and (2) reported experience of the negative consequences of weather-related events-excluding "flooding in own home" as it was uncorrelated with climate change belief. Model 1 contained the control variables only and found that climate belief was positively associated with higher environmental values as measured on the New Environmental Paradigm Scale (α = 0.73), higher education, and being female. A negative association between age and climate change belief was also found.
Model 2 controlled for Model 1 variables whilst adding perceived change in the frequency of weather-related events (hot, wet, and cold) and experience of the negative consequences of weather events (flooding in local area, water restrictions, heat-wave-related discomfort, heat-wave-related illness, and heat-wave-related transport disruption). All control variables remained significant in Model 2, except for female gender. More importantly, Model 2 showed that perceived change in the frequency of both wet-weather-related events and hot-weatherrelated events both had independent positive relationships with climate change beliefs. Perceived changed in cold-weather-related events, however, made no additional contribution. Of the five negative consequences of weather-related events, only experienced "flooding in area" and "heat-wave discomfort" emerged as having an independent association with climate change belief. Together, perceived change in the frequency of weather-related events and reported experience of the negative consequences of weather-related events accounted for 9% of the variance in climate change belief.
DISCUSSION
Public perception research in different countries has suggested that real and perceived periods of high temperature increase people's climate change beliefs. Such findings raise questions about the climate change beliefs of people in regions with moderate climates, such as the United Kingdom. Relatively little is known about whether public concerns about climate change may also be associated with changes in other weather-related events, such as precipitation or flooding. We therefore used national survey data to examine the relationship between perceived weather changes and climate change belief among U.K. res- 6 Separate analyses of the contribution of perceived change in the frequency of weather-related events and negative experience of the consequences of weather indicate that perceived change in the frequency of weather-related events accounts for greater variance in climate belief ( R 2 = 0.08; F(3, 1,840) = 76.39; p < 0.001) than negative experiences of the consequences of weather ( R 2 = .01; F(5, 1,835) = 7.58; p < 0.001). Further details are available from the authors on request.
idents, at a time of below-average winter temperatures and recent flooding.
We report on the following main findings. First, we found heat waves and hot summers were actually perceived to have become less common over respondents' life time, with flooding, periods of heavy rainfall, coastal erosion, and mild winters being perceived as more common, and cold winters being perceived as unchanged. Second, climate change beliefs were positively correlated with perceptions of changes in each of these types of events. Third, self-reported experiences with adverse consequences of hot-, cold-, and wet weather-related events were also positively correlated with climate change beliefs.
Perhaps most importantly, our analyses indicated that, of the perceptions and experiences of weather-related events examined, climate change beliefs were most strongly associated with perceived increases in wet-weather-related events, followed by hot-weather-related events, with additional independent contributions from experiences with flooding in one's own area and heat-wave discomfort. These findings hold after controlling for other factors that have been shown to be associated with climate change beliefs, such as younger age, (39) higher education, (41) and stronger pro-environmental beliefs. (32, 39, 40) Some of these perceptions, such as the increase in flooding and periods of heavy rainfall, are relatively consistent with observed weather data (48) (49) (50) although the latter show complexities at the seasonal and regional scale that were not explored in our survey. Based on a linear trend from 1961 to 2006, U.K. summers have been shown to become hotter. (51) However, from 2007 to 2012, five out of six summers were below the long-term average of 1981-2000, thus potentially explaining people's perception of a decrease in hot weather. Indeed, as previously mentioned, the survey was conducted shortly after a cold snap, during which eight consecutive days of negative temperatures were recorded in central England. (23) Our findings are inline with research in judgment and decision making, which suggests that heuristics play a role in the formation of people's judgments of risk. Specifically, the availability heuristic predicts that people judge the seriousness of climate change by the ease with which perceived changes in salient weather come to mind. The affect heuristic predicts that concerns about climate change will be stronger if the concept triggers negative affective experiences with, for example, extreme weatherrelated events that are perceived to have resulted from climate change. Our findings suggest that both (presumably "available") weather perceptions and (presumably negative "affective") experiences with extreme weather independently contribute to climate change beliefs. Even if perceptions and experiences make independent contributions to climate change beliefs, the two heuristics may not be so easily disentangled. Perceptions and experiences of extreme weather may both be more "available" from memory if they are associated with stronger negative affect. A similar argument has been made about the relationship between flood experience and flood risk perception (which holds after controlling for actual flood risk), which may be due to a combination of salient memories and strong negative affect. (52) We took a country-specific approach to examining perceptions of weather-related events and climate change beliefs because perceptions of changes in specific weather-related events may vary by country. Previous research that was mostly conducted in the United States found that people's experiences with and perceptions of high temperature increased their climate change beliefs, (7) (8) (9) (10) (11) which raised questions about the climate change beliefs of people in moderate climates. We found that U.K. residents focus more on wet-weather-related events when forming their climate change beliefs, with flooding and precipitation being perceived as having especially increased.
Like any research project, ours had limitations. First, it is important to keep in mind that at the time at which the survey was conducted England and Wales were experiencing winter temperatures below the 1981-2010 average (23) and that the country had recently witnessed widely publicized flooding events. (22) As a result, these types of weatherrelated events may have been especially likely to come to our U.K. participants' minds when reporting climate change beliefs. Although this limitation does not undermine the conclusion that specific salient weather-related events may play a role in the formation of climate change beliefs, it does suggest that climate change beliefs may not be stable, but rather be driven by weather-related events that happen to become salient as weather changes over time. In addition, other factors such as mainstream media coverage, (18) cues from political elites, (13) changes in the economy, (18, 53) and other competing concerns (13) may also be driving people's concerns over time. A second limitation pertains to our sample. Although our data were collected with a national U.K. sample, participants who were retained in the analysis were, on average, older than those who were excluded due to missing responses. Inline with previous work, (39) analyses of our control variables suggest that age was negatively related to climate change beliefs.
Another limitation is that our data were correlational in nature. As a result, caution is warranted when drawing causal conclusions. Our findings are inline with previous work that has suggested that perceptions of past weather changes are correlated with current climate change beliefs. (8) (9) (10) (11) Prior research also suggests that perceived fluctuations in temperature (54) and local climate (26) tend to correspond with observed events. However, it is possible that our correlational findings can be explained by people with stronger climate change beliefs remembering larger changes in specific weather patterns. It is also possible that the type of people who pay more attention to weather and climate tend to be able to remember larger changes in weather patterns and also to have stronger climate change beliefs. To examine whether perceptions of weather-related events cause changes in climate change beliefs, it would be necessary to conduct an experiment in which participants are randomly assigned to communications that increase perceptions of weather-related changes or a control group, and then to examine the effect on changes in their climate change beliefs.
From a climate policy perspective our findings suggest that those seeking to communicate the risks posed by climate change to the public should not limit their focus to the hot-weather-related events that may be implied by the phrase "global warming." Highlighting other locally salient weather-related events, such as flooding, that are likely to increase in frequency as a consequence of climate change may serve to increase public engagement with the issues surrounding climate change mitigation and adaptation.
